Accounting for 10%-15% of all non-Hodgkin lymphomas in Western populations, peripheral T-cell lymphomas (PTCL) are the most common T-cell lymphoma but little is known about their etiology. Our aim was to identify etiologic risk factors for PTCL overall, and for specific PTCL subtypes, by analyzing data from 15 epidemiologic studies participating in the InterLymph Consortium.
Accounting for 10%-15% of all non-Hodgkin lymphomas (NHL) in Western populations (1) , peripheral T-cell lymphomas (PTCL) are the most common T-cell lymphomas but are still relatively rare. The incidence of PTCLs rises monotonically with age but remains less than 1 per 100 000 according to the US Surveillance, Epidemiology, and End Results registry (2) . PTCL incidence rates are higher among black compared with white populations in the United States, and higher in men compared with women, but incidence rose between 1997 and 2006 in all race groups and in both males and females. PTCL itself comprises a diverse group of diseases with largely aggressive behavior and poor prognosis. Nodal PTCLs include PTCL not otherwise specified (PTCL-NOS), anaplastic large cell lymphoma (ALCL), and angioimmunoblastic lymphoma, whereas the more aggressive extranodal PTCLs include natural killer or nasal type, enteropathy-associated PTCL, hepatosplenic PTCL, and subcutaneous panniculitis-like PTCL.
The current World Health Organization classification system (3) recognizes 13 PTCL subtypes; however, some of the major PTCL subtypes, including PTCL-NOS and ALCL, are themselves thought to comprise heterogeneous entities (4) (5) (6) (7) (8) (9) (10) (11) .
Few risk factors have been identified for PTCL largely due to its low incidence, but some risk factors and molecular characteristics specific to individual PTCL subtypes have been identified (2) . For example, infection with human T-cell lymphotropic virus-1, which is endemic in southern Japan and Jamaica, is associated with adult T-cell leukemia or lymphoma (1) , and infection with Epstein-Barr virus has been implicated in the etiology of natural killer and T-cell lymphoma, nasal type (12) . The chromosomal translocation t(2;5)(p23;q35), which results in the fusion protein NPM-ALK (2) , is found specifically in ALCL. A possible link between breast implants and ALCL has also been reported (13) (14) (15) (16) (17) (18) . While these risk factors do not explain the majority of PTCLs that arise, they do suggest that PTCL subtypes may have distinct etiologies.
Statistical Analysis
Risk of PTCL was examined for each exposure variable using logistic regression models adjusted for age, race and ethnicity, sex, and study ("basic model"). Statistical significance was evaluated by the likelihood ratio test, comparing models with and without the exposure variable of interest, with P value less than .05 identifying putatively significant risk factors. Individuals with missing data for the exposure variable of interest were excluded from that analysis. To evaluate effect heterogeneity between studies, we performed a separate logistic regression analysis within each study and then quantified the variability of the coefficients using the H statistic, adapting the definition by Higgins and Thompson (23) to categorical variables.
We examined the relationship between case and control status and each putative risk factor, considering possible effect modification and accounting for other potential confounders. To consider possible effect modification, we stratified the above logistic regression analyses by age, sex, race and ethnicity, region, study, study design (ie, population-based vs hospital-or clinic-based), or other putative risk factors identified in the analysis. As described in the "Rationale and Design" paper in this issue, forest plots illustrating the results from the stratified analyses were reviewed to identify possible modifiers of the effect of an exposure variable of interest. This approach permitted us to evaluate whether odds ratios (ORs) were consistent by strata and visually observe whether confidence intervals (CIs) overlapped. Because no differences were observed by strata, we did not further calculate differences in strata using more formal statistical methods. To account for other potential confounders, we conducted three analyses. Firstly, we evaluated the risk estimate for each putative risk factor in a series of models that adjusted for one other putative risk factor individually, as well as age, race and ethnicity, sex, and study. Secondly, we conducted a single logistic regression model including all putative risk factors and a separate missing category for each variable to ensure that the whole study population was included in the analysis (ie, no individuals were dropped due to missing data). Although creating a separate "missing" category to accommodate missing values in our models can potentially introduce bias (24) , in practice, this method provides similar results to those from more modern methods such as multiple imputation (25) . Moreover, as only a subset of studies collected any given covariate, we would have needed to use a multilevel imputation method (26) and we were not confident that those methods had been fully evaluated in repeated application. Finally, we conducted a forward step-wise logistic regression with all putative risk factors, adjusting for age, sex, race and ethnicity, and study ("final model"). Forward step-wise logistic regression was conducted to construct the most parsimonious model of independent variables from the large total number of covariates and correlated variables.
Controls for most original studies were frequency matched by age and sex to NHL cases, rather than just PTCL. We therefore conducted sensitivity analyses using a subset of controls specifically frequency matched by age and sex to PTCL cases. The results from these sensitivity analyses were very similar to the results obtained using the full set of controls; thus, to increase statistical power, we retained the full set of controls in the main analyses. All analyses were conducted using SAS software, version 9.2 (SAS Institute Inc, Cary, NC).
Results
In all, 584 cases of PTCL and 15 912 controls, enrolled in 15 participating InterLymph Consortium case-control studies from North America, Europe, and Australia (Table 1) , were included in the analyses. The study population was largely non-Hispanic white (88% of cases, 94% of controls). Of PTCL cases, 59% were men; age distribution was similar between cases and controls, with a median of 55 years. Major PTCL subtypes further evaluated as distinct entities were PTCL NOS (n = 234), ALCL (n = 164), and angioimmunoblastic lymphoma (n = 81). Rarer PTCL subtypes with sample size less than 50 were primary cutaneous ALCL (n = 45), enteropathy-type PTCL (n = 23), and cutaneous PTCL NOS (n = 27), for which results are shown in Supplementary Tables 2-4 (available online). These results warrant cautious interpretation due to the small sample size for each of these subtypes. Analyses were not conducted for subcutaneous panniculitis-like or hepatosplenic PTCL as they had only seven and three cases, respectively. Mycosis fungoides and Sézary syndrome were evaluated and reported separately in this issue. Of all potential risk factors evaluated and described in a separate article in this issue, our presentation is limited to those found to be associated with PTCL or PTCL subtypes with P values less than .05. No effect modification by demographic or putative risk factors was identified, so results are shown without stratification. Further, no significant heterogeneity by study was noted based on the H statistic, and results are thus not stratified by study or study type. Results from both the basic and final models are shown.
Medical History
Participants reporting a history of celiac disease had an 18-fold increase in risk (OR = 17.80, 95% CI = 8.61 to 36.79) for PTCL overall (Table 2 ). This association was also significant for several PTCL subtypes, including PTCL-NOS (OR = 8.66, 95% CI = 1.97 to 38.1) ( Table 3) and ALCL (OR = 16.59, 95% CI = 3.27 to 84.31) ( Table 4) . Although based on small numbers, associations were also observed between personal history of celiac disease and primary cutaneous ALCL (OR = 39.9; Supplementary Table 2, available online). Additionally, although there were only 23 cases with enteropathy-type PTCL, the established risk with celiac disease was detected in our study population (OR = 215, 95% CI = 44 to 1041) (Supplementary Table 4 , available online).
A personal history of allergies was associated with a decreased risk for PTCL (OR = 0.69, 95% CI = 0.54 to 0.87) and largely driven by the significant association with PTCL-NOS (OR = 0.67, 95% CI = 0.46 to 0.98) ( Tables 2 and 3) .
A personal history of eczema was associated with a modest increase in PTCL risk (OR = 1.41, 95% CI = 1.07 to 1.85) ( Table 2) , especially for ALCL at ages less than 30 years (Supplementary Table 1 , available online). A personal history of psoriasis was associated with increased risk of PTCL (OR = 1.97, 95% CI = 1.17 to 3.32) ( Table 2) , PTCL-NOS (OR = 2.41, 95% CI = 1.15 to 5.04) ( Table 3) , and ALCL, though the latter association was significant Table 4 , available online).
Lifestyle Factors A 1.92-fold increased risk of PTCL overall (OR = 1.92, 95% CI = 1.41 to 2.62) was observed among those who smoked cigarettes for 40 or more years, compared with nonsmokers (Table 2) . Increased risk of PTCL-NOS and ALCL was also observed in association with longer duration of cigarette smoking, with a duration risk trend (P < .001) ( Tables 3 and 4) . Of the rarer PTCL subtypes, evidence of increased risk for cigarette smoking was also suggestive for primary cutaneous ALCL (Supplementary Table 2 , available online).
Alcohol consumption, defined as at last one alcoholic drink per month, was associated with reduced PTCL risk (OR = 0.64, 95% CI = 0.49 to 0.82) ( Table 2 ). The association was specifically detected for PTCL-NOS (Table 3) .
The highest versus lowest quartile of recreational sun exposure was associated with a 48% decrease in ALCL risk (95% CI = 0.26 to 0.88) ( Table 4) .
Family History
A first-degree family history of any hematologic malignancy was associated with 1.92-fold increased risk of PTCL overall (95% CI = 1.30 to 2.84) ( Table 2) . By PTCL subtypes, significant associations for family history of hematologic malignancies were also observed for PTCL-NOS (OR = 1.92, 95% CI = 1.05 to 3.49) ( Table 3 ) and angioimmunoblastic lymphoma (OR = 2.55, 95% CI = 1.10 to 5.89) ( Table 5) .
Occupational Factors
A modest risk increase for PTCL overall was observed for ever employment as a textile worker (OR = 1.58, 95% CI = 1.05 to 2.38), and though based on small numbers, a nearly threefold increase in risk of PTCL was observed for those having the occupation of electrical fitter during their lifetime (OR = 2.89, 95% CI = 1.41 to 5.95) ( Table 2 ). Both occupational groups (textile workers and electrical fitters) had significantly increased risk of ALCL (Table 4) ; electrical fitters also had increased risk for angioimmunoblastic lymphoma (OR = 5.45, 95% CI = 1.20 to 24.7) ( Table 5 ). Of the rarer PTCL subtypes, PTCL enteropathy-type lymphoma was also positively associated with textile work (Supplementary Table 4 , available online). In contrast, those reporting having ever lived or worked on a farm had reduced risk for PTCL (OR = 0.72, 95% CI = 0.55 to 0.95) ( Table 2) .
Discussion
This study is the first systematic effort to identify risk factors specific to PTCL and its subtypes. Our results are consistent with previously reported risk factors, including family history of hematologic malignancies and personal history of autoimmune conditions and celiac disease and eczema. Importantly, we identified several new potential risk factors, including long-term smoking and some occupations, such as electrical fitters and textile workers, though these results require replication in future efforts before any conclusion can be drawn. In addition, several factors were associated with a reduction in PTCL risk, including a history of alcohol consumption (though duration was not consistently associated) and a personal history of allergies. Although the numbers of cases for some PTCL subtype were modest, we were able to confirm the well-established association between celiac disease and enteropathy-type PTCL and indirectly support the association between H. pylori (via history of peptic ulcer) and enteropathy-type PTCL.
Prior to these analyses, the only established risk factors for T-cell lymphomas were family history of hematologic malignancies (27) and history of celiac disease (28) . In particular, there has been a longstanding association between celiac disease and enteropathy-type PTCL (29) which may arise as a result of clonal proliferation of phenotypically abnormal intraepithelial lymphocytes associated with the loss of CD8 expression and increased interleukin-15 expression (30, 31) . The results from this study extend those associations to PTCL and quantify the relative risks, and also demonstrate that a family history of any lymphoid malignancy is associated with increased risk for PTCL overall, PTCL-NOS, and angioimmunoblastic lymphoma.
The role of atopic conditions, such as allergies and asthma, in lymphoma etiology has been the subject of much debate. In simplistic terms, it has been hypothesized that inflammatory responses resulting from a Th1 response increase lymphoma risk, whereas a Th2 immune response induced by atopic conditions reduces NHL risk. Indeed, atopic conditions are inversely associated with risk of B-cell lymphomas (32), but any relationship with T-cell lymphomas is not known. Our findings support an inverse association between PTCL with any allergy and a positive association between eczema and PTCL risk, consistent with previous reports among overall T-cell lymphoma (28) . Occupational groups previously linked to NHL risk include farmers, livestock workers, printers, teachers, wood workers, dry cleaners, barbers, and hairdressers (20, 21) . Based on our data, we observed an increase in risk of PTCL and, specifically, ALCL, for textile workers. Exposures related to textile work include: dust, endotoxin (a bacterial contaminant of raw cotton fiber and cotton dust), assorted dyes, and chemicals such as trichloroethylene, which has previously been linked to lymphoma risk (33) (34) (35) (36) (37) (38) . We also report that electrical fitters had increased odds of developing ALCL and angioimmunoblastic lymphoma. Electrical workers can be dermally exposed to polychlorinated biphenyls, which have been linked to NHL risk in a number of studies (39-50), though not all. Our results warrant further investigation specifically among PTCLs. Given the large number of occupations tested, these results require replication before any conclusions can be drawn.
Lifestyle factors previously implicated in the NHL literature include smoking, which has been linked to an increase in risk of follicular lymphoma for reference (51, 52) , and alcohol consumption, which has been inversely associated with overall NHL (53). The current analyses showed an increased risk of PTCL with long-term smoking and a decreased risk with alcohol consumption. Although sunlight exposure is inversely associated with NHL development (54) , no such associations have previously been explored specifically for T-cell lymphomas (33) . The decreased risk of ALCL that we observed in association with recreational sun exposure is thus novel and requires replication. Interestingly, our results for PTCL and PTCL subtypes appear distinct from those findings for another T-cell lymphoma subtype, mycosis fungoides or Sézary syndrome, the results for which are presented separately in this issue. Because they involve the same anatomical site, we had hypothesized that the findings would be similar for cutaneous PTCL-NOS and mycosis fungoides or Sézary syndrome, but that was not the case, providing support for etiologic differences between these specific T-cell lymphoma subtypes, despite occurring in the same anatomic site.
The strengths of the current analyses include the large number of incident histologically confirmed PTCL cases and the broad scope of risk factors that were harmonized and evaluated, allowing the exploration of etiologic heterogeneity across PTCL subtypes. Despite the broad array of exposures evaluated, most were self-reported and, therefore, subject to recall bias. Moreover, data about specific associations with infections that are established risk factors for specific PTCL subtypes were not available. However, in the absence of direct evaluation of H. pylori infection, we found peptic ulcers to be associated with an increased risk of enteropathy-type PTCL. Another important limitation is that despite best efforts from participating studies to ascertain a representative sample of cases, PTCLs are largely aggressive and fatal, resulting in a potential survival bias among participating cases. Indeed, this was evident in the distribution of PTCL cases, whereby most were classified as nodal (PTCL-NOS, ALCL, and angioimmunoblastic), with extranodal PTCLs, the most aggressive PTCLs, largely underrepresented (eg, nasal natural killer or T-cell lymphoma, enteropathy-associated PTCL, hepatosplenic PTCL, subcutaneous panniculitis-like PTCL) compared with clinical series and cancer registry data (2) . It is, therefore, possible that etiologic risk factors relevant for aggressive and extranodal PTCLs were missed in this pooled analysis. The sample size was modest for stratified analyses, thereby limiting our ability to detect effect modification by factors such as race and ethnicity and anatomic site, and we lacked information on clinically relevant markers for some subtypes, such as CD30 or ALK status for ALCL, although the etiologic importance of such clinical factors is unknown. Finally, we cannot rule out the possibility that the associations reported were due to chance, especially given the number of associations tested. Our results should therefore be used as a guide for future investigations in the epidemiology of PTCL.
In summary, in this largest epidemiologic study of PTCL cases and controls to date, we have identified a number of risk factors specific to PTCL and PTCL subtypes. Our results suggest that T-cell lymphomas and their distinct subtypes should be studied separately from other lymphoid malignancies. Future studies that pool data from cohort studies to establish Table 4 . Anaplastic large cell lymphoma (n = 164): basic analysis (adjusted for age, race, sex, and study) and final model (adjusted for age, race, sex, study, and all other variables in the model)* the temporality of select exposures may be required. Merging of epidemiological data with large clinical series may also prove fruitful, particularly if etiologic risk factors also influence the clinical course of disease. Future studies allowing stratification by race or ethnicity and the study of rare subtypes as well as possible gene-environment associations should also be informative. Targeted studies of established risk factors such as celiac disease and identifying biological mechanisms underlying refractory celiac disease and inflammatory processes involved in T-cell lymphomas would also be particularly informative. We support the conduct of follow-up studies to confirm or refute these detected associations and to explore the possible underlying biological mechanisms. 
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